We examined the characteristics of the radioactive contamination and the physical removal of radioactivity from contaminated cabbage and spinach. In a distribution imaging study, there were two types of contamination, spot type and spread type, of cabbage and spinach. The relative radioactivity (PSL) of the face of the leaf was much higher than that of the back of a leaf of cabbage. The ratio of relative radioactivity (PSL) between spot contamination and spread contamination in a leaf of spinach was 9.4% and 90.6%, respectively. More than 80% of radioactivity attaches to the surface of leaves of spinach. There was no significant difference of radioactivity removal between hand-washing and rinsing with running water. The degree of removal of radioactivity from contaminated spinach depended on the length of time between contamination and rinsing. When contaminated spinach was rinsed within 1 week after contamination, the removal ratio of 131 I and 137 Cs was high, with 50% and 70%, respectively. When rinsing contaminated spinaches more than 2 weeks after contamination, the removal ratio of 131 I and
, Yoji Kitamura 1) , Takashi Kozaka 1) , Izumi Uno 1) , Kikuo Shimizu 2) , Masahiro Hirota 3) , Shogo Higaki 4) , Kazuyoshi Masumoto 5) 1) Advanced Science Research Center, Kanazawa University, 2) Radioisotope Research Center, Osaka University, 3) Research Center for Human and Environmental Science, Shinshu University, 4) Radioisotope Center, The University of Tokyo, 5) Radiation Science Center, High Energy Accelerator Research Organization.
Introduction
Various kinds of vegetables in three prefectures in the Tohoku area were contaminated with 131 
I and 137
Cs caused by the Fukushima nuclear accident and were over the legal limit for shipment 1) . It is very important to develop a simple and effective removal method for contaminated farm products to ensure the relief of farmers and the security of consumers. Previously, several researchers reported removal of 131 I and /or 137 Cs etc. from leafy vegetables contaminated with fallout radioisotopes from the Chernobyl nuclear accident [2] [3] [4] . They used contaminated leafy vegetables with low radioactivity radioisotopes that were harvested after more than two weeks had passed since the Chernobyl nuclear accident. They did not image the radioactivity distribution in contaminated leafy vegetables. In this study,
we investigated the characteristics of the radioactive contamination of vegetables derived from the Fukushima nuclear accident.
First, we imaged the radioactivity distribution in contaminated cabbage by an imaging plate (IP). Then, we examined the physical removal of radioactivity from contaminated spinach that were harvested after a few day and more than one week since the Fukushima nuclear accident happened.
Methods
Contaminated cabbage and spinach derived from the Fukushima nuclear accident were sent from March 28 through The radioactivity of each part of spinach leaf was measured by the Ge semiconductor detector.
3) Physical removal of radioactivity from contaminated vegetables
The removal of radioactivity by hand-washing was compared with that of rinsing with running water. When rinsing with running water, spinach was put into a beaker (1L) and water was added into the beaker at a flow rate of 3-4 L/min for 10 min.
When hand-washing, spinach was put into a beaker (1L) and was rubbed gently by hand under running water (flow rate: 3-4 L/min) for 5 min. In this study, we selected the above simple washing/rinsing method that everyone could perform. The relationship between the time of contamination to rinsing and the removal of radioactivity from contaminated spinach was investigated. Radioactivity was measured by the Ge semiconductor detector for 500-1,000 sec. Each experiment was repeated 3 times except for an experiment using contaminated spinach that was harvested after a few days since the Fukushima nuclear accident happened.
The radioactivity removal ratio (RRR) was calculated using the following formula. Results and Discussion Figure 2 shows the IP image of the face and back of a contaminated cabbage. The relative radioactivity (PSL) of the face (A) of the leaf was much higher than that of the back (B) of the leaf of cabbage. Figure 3 shows the IP image of a contaminated spinach leaf. There were two types of radioactivity distribution in the contaminated cabbage and spinach; spot contamination was thought to be caused by atmospheric contaminated dust particles, and spread type contamination was thought to be caused by radioactivity dissolved in rain water. The ratio of relative radioactivity (PSL) between spot contamination and spread contamination in a leaf of spinach was 9.4 ± 4.4% and 90.6 ± 4.4%, respectively. The relative radioactivity (303 ± 62 PSL/mm 2 ) of spot type contamination was approximately 6 times higher than that (51.8 ± 14.1 PSL/mm 2 ) of spread type contamination, in a leaf of spinach. Figure 4 shows the radioactivity distribution of four pieces: epidermis, cell wall, vacuole and others, which were separated from spinach leaf. As a result, more than 80% of radioactivity attaches to the surface of leaves of spinach. Table 1 and Table 2 show the removal of radioactivity from bundle of contaminated spinach by a physical removal method.
RRR (%)
The removal of radioactivity by hand-washing was compared with that of rinsing with running water. No significant difference was observed between both methods (Table 1) .
Time-related aspects of removing 131 I and 137 Cs are shown in Table 2 . Rinsing with running water within one week of contamination showed more effective removal of 131 I than rinsing with running water after more than two weeks. Tompson et al. 4) reported that the most effective removal was observed by water rinsing within one hour of contamination, using several kinds of 
